Reflux is also a common finding in lung transplant recipients [5] and microaspiration of refluxate has been implicated in the pathogenesis of bronchiolitis obliterans syndrome (BOS) [6] . BLONDEAU et al. [1] found bile acids in 60% of BAL samples from people with CF who had undergone lung transplantation in addition to a series of other studies from the Leuven group indicating a potential role for bile acid aspiration in the pathophysiology of BOS.
We have previously shown that extraction followed by tandem mass spectrometry are necessary to document the low levels of bile acids produced by dilution effects in human BAL [7] . In pilot work, we detected bile acids in the lower airways of nine people homozygous for Phe508del with advanced CF lung disease at the time of lung transplantation [8] . We subsequently hypothesised that bile acids are present in the lower airways of people with CF before and after lung transplantation. To investigate, we used mass spectrometry to detect and identify bile acids in lower airway samples, and oesophageal pH impedance studies to provide physiological measurements of reflux.
Approval was obtained from Newcastle and North Tyneside 2 and County Durham and Tees Valley 2
Research Ethics Committees respectively. Participants underwent bilateral sequential lung transplantation for advanced CF lung disease; none had undergone antireflux surgery and all were maintained on proton pump inhibitors but none were prescribed promotility agents.
In brief, a 2×15-mL lavage was performed on explanted lungs, centrifuged and the supernatant frozen [9] . Post-transplant, a 3×60-mL BAL was performed in the same individuals at a median of 3 months following transplantation [10] . Electrospray ionisation mass spectrometry was used to detect bile acids as described in detail previously; the lower limit of detection was 0.01 μmol·L −1 [7] .
Combined 24-h ambulatory pH impedance was performed with the Medical Measurement System and Ohmega device (MMS Inc., Dover, NH, USA). The impedance catheter was inserted into the oesophagus using standard techniques to place the end of the catheter at the upper border of the lower oesophageal sphincter and the pH probe 5 cm above the upper border of the lower oesophageal sphincter [5] .
Bile acids were detected in samples from the explanted lungs of all 19 participants with CF and in all BAL samples from the same individuals after lung transplantation (table 1) . Of this group, nine out of 19 had oesophageal pH impedance studies performed post-transplant. These studies identified abnormal overall reflux in seven (78%) patients with proximal reflux in four (44%). In the seven patients with detectable reflux, it was both acid and weakly acid in six, and weakly acid alone in one patient. By comparison, bile acids, including lithocholate, were largely undetectable in BAL samples from six non-CF patients post-lung transplant (data not shown).
These results confirm that bile acids are present in the lower airways of people with advanced CF lung disease, confirming previous observations restricted to Phe508del homozygotes [8] . Longitudinal follow-up showed that bile acids continue to be detectable in the lower airways post-lung transplantation. Furthermore, we found abnormal levels of reflux in most people with CF tested post-transplant. This rare longitudinal information indicates that reflux and aspiration are not simply a function of factors associated with chronic lung disease; we demonstrate persistence post-transplantation, where cough is attenuated while thoracic mechanical changes caused by advanced lung disease are corrected.
We used mass spectrometric bile assays, suitable for the low levels found in BAL samples, providing specific information about individual bile acids [7] . There are no studies characterising individual aspirated bile acids in the CF lung that we are aware of. We measured median lithocholate levels of 0.2 and 0.4 µmol·L −1 pre-and post-lung transplantation, respectively. Lithocholic acid was recently detected following direct tracheal suction at a mean±SEM concentration of 2.8±0.6 µmol·L −1 in critically unwell patients with ventilator-associated pneumonia [11] . Elevated levels of bile acids were associated with lung injury and were raised compared to ventilated patients with no pneumonia. Furthermore, WU et al. [11] showed that chenodeoxycholic acid challenge of alveolar epithelial cells led to interleukin-8 generation.
Lithocholate is normally a minor component of circulating bile acids, produced by specific gut bacteria that deconjugate and dehydroxylate the primary bile acid chenodeoxycholate. Bile acid homeostasis and metabolism may be disordered in CF [12] . CF is a multisystem disorder that involves both the respiratory and gastrointestinal tracts. Duodeno-gastro-oesophageal reflux and subsequent microaspiration of bile acids may be an under-recognised contributor to airway injury in CF lung disease [13] . Treatments for reflux exist and a very limited literature has advocated fundoplication in CF. In a recent small open study of adult CF patients there was a fall in cough, and exacerbation events reduced by 50% post-fundoplication [13] . Fundoplication in children with CF has also been undertaken but results have been varied [14] .
It is important that we acknowledge the limitations of our study. For technical reasons, a small-volume lavage was performed in the noninflated resected lungs compared to the 180-mL BAL used to sample allografts. There is still no entirely satisfactory method of determining the dilution factor during BAL.
Post-transplantation, people with CF have comparable levels of BOS to patients transplanted for other indications. However, the post-transplantation CF population is heterogeneous and some individuals develop BOS with an aggressive onset; this is now recognised as a complex, alloimmune and non-alloimmune response to injury. Colonisation of CF allografts with Pseudomonas aeruginosa has been associated with bile aspiration and neutrophilic airway inflammation by the Leuven group [15]. In turn, infection and : raw data of bile acids detected in 180-mL bronchoalveolar lavages.
+ : for bile acids where the level was below the limit of detection, the median was calculated after nondetectable samples were assigned an arbitrary low value of 0.01 µmol·L inflammation, associated with bile aspiration [11, 15] , have been linked to BOS and death in 260 lung transplant recipients in a recent series [16] . Further studies are therefore required in greater numbers of patients. There is potential that outcomes of lung transplantation in CF, already comparable with other indications on average, could be further improved if aspiration injury were reliably detected and treated.
In conclusion, we have shown that bile acids measured by tandem mass spectrometry are detectable in the lower airway in advanced CF lung disease and that this potential source of injury persists after lung transplantation. Interactions between gastrointestinal and lung pathophysiologies may contribute to overall lung damage and this "aerodigestive" concept may have therapeutic implications in a disease where available treatments are otherwise limited. 
Chronic pulmonary disease with Mycobacterium abscessus complex is a biofilm infection
To the Editor:
Direct evidence of Mycobacterium abscessus complex (MABSC) biofilm in the human lung has not previously been demonstrated. Biofilms are microcolonies of bacteria, imbedded in extracellular matrix, providing stability and tolerance to antibiotics and the body's innate and adaptive defences [1] . This mode of growth is an inherent feature of chronic infections and is particularly well studied for Pseudomonas aeruginosa and other Gram-negative infections [1] , but also some Staphylococcus aureus infections [2] . Mycobacterial infections have also been shown to be capable of biofilm formation, most notably Mycobacterium tuberculosis (tuberculosis), which under the right conditions, can self-assemble into highly organised matrix-encapsulated biofilm [3] . Among the nontuberculous mycobacteria (NTM), Mycobacterium avium complex (MAC) and the rapidly growing mycobacteria, including MABSC, have been shown to grow as biofilms either in vitro or in environmental reservoirs [4, 5] , but in vivo conditions have not been studied. MABSC is an emerging threat to patients with cystic fibrosis [6] , who become infected at an early age and deteriorate clinically [7] as the persistent infection causes inflammation and tissue damage. We wanted to explore how MABSC grows in the antibiotic-rich, end-stage lungs of patients with cystic fibrosis. The aim was to describe the localisation and growth patterns of MABSC in vivo from freshly explanted lungs of patients with cystic fibrosis and a history of MASBC. We simultaneously performed histological and mycobacterial sampling from the same areas, from multiple pulmonary sites. Mycobacterial culture was performed by inoculation on at least one solid (Middlebrooke 7H10 or Löwenstein-Jensen slopes; SSI Diagnostica, Hilleroed, Denmark) and in one liquid culture medium (BACTEC 12B or MGIT; Becton Dickinson Microbiology Systems, Sparks, MD, USA), and a reverse hybridisation DNA assay was performed (InnoLiPA; Fujirebio Europe, Brondby, Denmark), as previously described [7] . Culture morphology was determined by direct visual inspection of colonies and control microscopy used Ziehl-Neelsen staining. Concomitant culture for Gram-negative and -positive bacteria was also performed. Patient files were reviewed to determine the clinical course of their end-stage lung disease and their history of other chronic bacterial infections. The NTM collection and clinical data collection was approved by the Committee on Health Research Ethics in the Capital Region of Denmark (Copenhagen, Denmark) (H-3-2012-098). The explanted lungs were collected by the transplantation team, microbiological samples were sent for NTM culture and histological samples were transferred to 4% formaldehyde before further preparation for microscopic investigation. The biopsy material was embedded in paraffin, cut into 4-μm sections and mounted on glass slides. Prior to microscopy, paraffin was removed and the tissue sections were analysed by means of conventional haematoxylin and eosin (H&E) staining, Ziehl-Neelsen staining (acid-fast stain), auramine dye (fluorescent stain), and fluorescent in situ hybridisation (FISH) with peptide nucleic acid (PNA) probes: a uniBac probe (red) and a NTM-specific probe (green) (AdvanDx, Inc., Woburn, MA, USA). We used 4′,6′-diamidino-2-phenylindole (Vector Laboratories) as a counterstain for DNA. Microscopic observations were performed with Zeiss 710 Confocal Laser Scanning Microscope (Leica Microsystems, Mannheim, Germany).
Six patients with either active (n=5) or prior (n=1) MABSC infection were included. None had a history of infection with other NTM species. The five patients with active MABSC disease were in intravenous or oral multidrug antimycobacterial treatment at the time of transplantation. Their clinical outcomes have previously been published [8] . MABSC was cultured from the lungs of all five patients with ongoing infection, three of which had MABSC smooth colony morphology. Morphology data was not recorded for
